Background: Older adults with visual loss have high rates of depression, restricted participation and reduced quality of life. We sought to measure the impact of lessons in the Alexander technique on vision-related emotional and social well-being, as secondary outcomes to a study on improving physical functioning in this population. Methods: This is a single-blind randomised controlled trial. One hundred and twenty community-dwelling adults aged 50 to 90 years with visual impairments were randomised to either 12 Alexander lessons over 12 weeks and usual care or usual care. The Perceived Visual Ability Scale, the Keele Assessment of Participation, the emotional subscale of the Impact of Vision Impairment Profile, the Positive and Negative Affect Scale and the fiveitem Geriatric Depression Scale were administered at baseline and three and 12 months. Participants were receiving services from Guide Dogs NSW/ACT. Results: None of the validated questionnaires found statistically significant improvements after adjustment for baseline at three or 12 months, although the emotional subscale of the Impact of Vision Impairment approached significance in favour of the intervention group (4.54 points, 95 per cent CI: −0.14 to 9.21, p = 0.06). Depressive symptoms were prevalent and associated with greater impact of visual impairment on emotional wellbeing (odds ratio: 1.12, 95 per cent CI: 1.07 to 1.17, p < 0.0001). Faster gait, an indicator of general mobility, was associated with less depressive symptoms (odds ratio: 1.27, 95 per cent CI: 1.06 to 1.54, p = 0.01). Conclusion: On average, there was no significant impact of weekly lessons in the Alexander technique on social and emotional well-being, although the emotional impact of visual impairment showed a trend toward less distress in the intervention group. Our data found that emotional distress associated with visual impairment influences depressive symptoms but contrary to expectations, the level of social support received was not significant. Additionally, gait speed is a significant predictor of depressive symptoms, suggesting that general mobility is of importance to the well-being of older adults with visual impairments.
people. The Alexander technique is taught to people with movement difficulties and uses verbal feedback and manual guidance to teach awareness of previous unnoticed tensions and improve co-ordination and balance. Its mode of instruction is therefore appropriate to people with visual impairment. We hypothesised that lessons in the Alexander technique would improve physical function and reduce the physical risk of falls and found a trend toward reduced postural sway and improved mobility and a non-significant reduction in falls (odds ratio [OR] : 0.64, 95 per cent CI: 0.34-1.15). Overall, there was some promise for the Alexander technique as a strategy to improve balance and mobility. 10 It was further hypothesised that if the Alexander technique did improve physical function, it may have an additional effect on mobility and emotional well-being. Ageing and visual impairment are associated with loss of function and reduced quality of life, depression increases, levels of disability increase and quality of life and decline in physical and mental function. 15 Compared to the sighted aged population, older adults with visual impairment are two to five times more likely to have depression 12, 16 and the prevalence of depression increases as visual impairment becomes more severe. 17 In a large population-based survey in the USA, Crews, Jones and Kim 18 found that 57.2 per cent of older adults with visual impairments were at risk of mild or moderate depression and 6.2 per cent were at risk of severe depression. Both visual impairment and depression have independent impacts on physical, social and emotional function; however, they tend to exacerbate the effects of each other, which magnifies disability and poor quality of life. 19 A study of elderly adults with recent visual impairment showed fewer depressive symptoms, greater life satisfaction and better adaptation to visual loss, when they received effective assistance from family and friends; 20 however, these studies did not look at the effects of long-term visual impairment. A residential, blind rehabilitation program provided by the Department of Veterans Affairs in the USA improved vision-targeted health-related quality of life, self-esteem and mental health and these effects were maintained at six months after rehabilitation. 21 Unfortunately, this model of service delivery is not readily implemented in Australia, where services are typically community-based and client-driven.
The ability to access late-life peers is dependent on mobility and the ability to socialise. Socialisation has been found to be significantly lower in older adults with visual impairments, 22 with 60 per cent of this reduced social participation explained by depressive symptoms and visual impairment. 23 Data from the National Health Interview Survey in the USA found that adults with visual impairment and depressive symptoms were more likely to be obese, inactive, smoke, have fair-to-poor health and have more difficulties with self-care and social participation than those with neither condition. 24 This highlights the impact of visual impairment, restricted mobility and depressive symptoms on quality of life.
The aim of this study was to explore the impact of lessons in the Alexander technique on emotional well-being and to investigate the prevalence and determinants of depressive symptoms in this study population.
METHOD Participants
The VISIBILITY study was an assessorblinded controlled parallel group design with equal numbers in the intervention and control groups (n = 120) and the protocol for the study has been described elsewhere. The primary outcomes of the trial were the physical measures in the Short Physical Performance Battery, including five times sit-to-stand test, the four metre walk and the standing balance test and the Short Falls Efficacy Scale -International, 25 which captured concerns about falling. 26 Here, we report on the impact of the trial intervention on social and emotional wellbeing, by administering a number of validated questionnaires at the baseline and three and 12 month assessment times. Ethics approval to conduct the study was granted by the Human Research Ethics Committees at the University of Sydney (Protocol no. 12985) and the University of New South Wales (HREC10277). The trial (ACTRN12610000634077) was registered with the Australian New Zealand Clinical Trials Registry at http://www.ANZCTR.org. au/ACTRN12610000634077.aspx. The conduct of this trial followed the tenets of the Declaration of Helsinki. All participants were recruited from the client database at Guide Dogs NSW/ACT in Sydney, Australia, a community organisation that provides support for people with visual impairment. For inclusion, participants were required to be 50 to 90 years of age, not need an interpreter, have had an orientation and mobility program from Guide Dogs NSW/ACT within the previous five years and live within the Sydney metropolitan area. Those meeting these criteria were sent an invitation and follow-up phone calls were made to those who did not respond. Recruitment took place over 12 months from August 2010 to August 2011 and 488 potential participants were sent details of the study in their preferred communication format. An initial telephone screening by a researcher excluded clients that were not independently mobile, did not have conversational English or planned cataract surgery within the next 12 months. Participants were assessed in their own homes at baseline, after intervention at three months and again at 12 months. The flow of participants through the trial is presented in Figure 1 . The CONSORT statement 27 was used to guide the content of this paper.
Four orientation and mobility instructors from Guide Dogs NSW/ACT attended a two-day training session in the study assessment procedures and were accompanied by a researcher on their first baseline assessments to ensure conformity to protocol. We gained written informed consent, collected demographic data and administered the Short Portable Mental Status Questionnaire 28 prior to enrolment. If the client had two or fewer corrected errors on the Short Portable Mental Status Questionnaire, they were enrolled and the baseline assessment was administered. Participants were allocated a unique ID and we used block-randomisation (block permutation size one, two and four) via a computergenerated sequence from http://www. randomization.com. These data were kept by a centre-based investigator, who had no contact with the participants. The nature of the study meant participants and the intervention provider were not able to be masked to group allocation; however, all assessors remained masked to group allocation for all assessments. Participants were asked not to reveal their allocation to the assessors, who prefaced telephone contact with a request for participants not to do so. The study was run in four blocks of 30 participants between September 2010 and December 2011, with the baseline assessment and randomisation occurring prior to commencement of each intervention block.
Intervention
The control group (n = 60) received usual care (access to orientation and mobility programs) from Guide Dogs NSW/ACT and the intervention group (n = 60) received 12 lessons in the Alexander technique in addition to the usual care. Constraints on resources necessitated a reduction from 20 to 25 Alexander technique lessons (recommended) to 12 for this trial and the lesson protocol is available on request. Subsequent lessons were based on prior progress and the lesson plan was modified as necessary. The Alexander technique lessons were delivered by one researcher, who is an accredited teacher of the Alexander technique in individual oneon-one sessions in the participant's own home. The Alexander technique is a physical conditioning program designed to alter and improve the way individuals move and react to physical stimuli. A typical session includes completing activities of daily living, while being assisted by a trained Alexander technique practitioner. The completion of these activities is accompanied by psychological techniques including mindfulness, co-ordination and body-mapping. The exercises are designed to improve postural stability, co-ordination and confidence during movement. For individuals who are visually impaired, this may decrease the occurrence of falls, lead to higher levels of incidental activity, improving physical functioning and mobility.
The physical measures used in the study, which included the primary outcomes, have been described in a separate paper. 26 The social and emotional data reported in this paper were collected as secondary outcomes to complement the physical measures and to characterise the study population. Because all participants were clients of Guide Dogs NSW/ACT and assessments were conducted in their homes, we did not include assessments of vision at baseline data collection. Instead, we contacted their eye-care practitioner, if a recent report was not available.
Social and emotional measures
The Perceived Visual Ability Scale (PVAS) 25 is a 35-item questionnaire that rates difficulty in a range of mobility situations performed without assistance from usual aids. A higher PVAS score equates to greater difficulty with mobility. The Keele Assessment of Participation (KAP) 29 is an 11-item questionnaire that captures participants' perceptions of their actual involvement in a variety of mobility, self-care and social situations. Responses are arranged on a scale (zero to four) with zero representing 'all of the time' and four representing 'none of the time'. A higher score on the KAP represents less self-reported participation. The emotional subscale from the Impact of Vision Impairment Profile (IVI) 30 uses eight items to capture the degree to which the participant perceives that their visual impairment causes emotional distress. Responses are on a scale (zero to three) with zero representing 'a lot of the time' and three representing 'not at all'. A lower score on the IVI represents a higher impact of visual impairment and a lower level of emotional well-being.
We administered the five-item version of the Geriatric Depression Scale (GDS-5) 31 to examine the extent to which participant's subjective mobility and emotional status manifested as symptoms of depression, given the known association between visual impairment and depressive symptoms. Used as a screening tool, a score of two or more indicates possible depression in the general public. Rovner and Shmuely-Dulitski 32 found that the 30-item GDS had poor discriminatory power to determine major depression in the visually impaired population but that it was valuable as a measure of symptoms. In addition to the GDS-5, we administered the positive scale of the Positive and Negative Affect Scale (PANAS) 33 to include a measure of mood. The PANAS is a ten-item questionnaire designed to determine the extent to which the participant feels enthusiastic, active and alert. We also used a subset of this instrument to gauge the level of positive emotional affect participants experienced. Responses are arranged on a scale (one to five) with one representing 'very slightly or not at all' and five representing 'extremely', with a higher score representing a greater positive affect.
Socialisation was measured as the frequency with which participants visited family or friends and was scored as a binary variable of weekly or more versus less than weekly interactions. Family and agency assistance were also measured in this manner.
Sample size
The study was powered to measure the impact of the Alexander technique on physical function such that 60 individuals in each of the two groups (n = 120) would give the study 80 per cent power to detect a 15 per cent between-group difference at a five per cent level of significance allowing for 15 per cent drop-outs during the 12 months for the primary outcomes used in the study. The social and emotional wellbeing data were collected as secondary outcomes and were not included in the sample size calculations. 
Statistical analysis
A REDCap 34 online database system was used to manage all data. A statistical analysis plan was developed and is available on request. The responses to the PVAS and IVI-emotional sub-scale were scored using Rasch analysis (Winsteps Version 3.75.1) and person scores were converted to a one to 100 score. Data were analysed on an intention-to-treat basis (ITT) with SAS Version 9.2 (SAS Institute Inc., Cary, North Carolina, USA). The validated questionnaire data at the three and 12-month visits were compared between intervention and control groups with adjustment for baseline values using linear regression models.
We examined whether any useful associations could be drawn from our data that would help explain depressive symptoms. Baseline data on living situation, years of education, body mass index (BMI), comorbidities and anti-depressive medication were investigated as predictors of threemonth data depressive symptoms. The three-month data included socialisation, family and agency support, gait speed and the validated questionnaires. As two or more self-reported symptoms are indicative of possible depression in the general population, we created a binary variable for the GDS-5 scores of less than two or two or more symptoms and used logistic regression models. As an initial step, a correlation matrix was created to explore colinearity of explanatory variables considered in regression analysis as predictors of depressive symptoms. If the variable had a significance of at least p = 0.20 in a univariate analysis, it was included in the initial multivariate logistic regression model adjusted for age, gender and group allocation. We used a backwards stepwise method to determine the final model. Table 1 shows the demographic characteristics of the two groups and their performance on the validated questionnaires at baseline. The two groups had similar baseline characteristics. There were no significant differences in scores at three and 12 months after adjusting for baseline (Table 2) , although the emotional subscale of the IVI approached significance in favour of improved impact of visual impairment on emotional well-being in the intervention group at three months (difference Visual acuity and visual fields (vision report)
RESULTS
Better than 6/18: n (%) 7 (12) 7 (12) 6/18 to 6/60: n (%) 6 (10) 1 ( 2) 6/60 or worse: n (%) 45 (75) 49 (82) Peripheral loss -one eye: n (%) 4 (7) 4 (7) Peripheral loss -both: n (%) 13 (22) 6 (10) Central loss -one eye: n (%) 5 (8) 4 (7) Central loss -both: n (%) 17 (28) 19 (32) Total field involvement: n (%) 9 (15) 16 (27) Diagnosis by vision report Weekly or more: n (%) 16 (27) 18 (30) Less than weekly: n (%) 10 (17) 13 (22) Family assistance:
Weekly or more: n (%) 20 (33) 22 (37) Less than weekly: n (%) 5 (8) There was no evidence of differential effect of the intervention in pre-specified sub-groups except for participation (KAP), whereby those with full visual fields in the intervention group had greater awareness of participation limitation compared to the control group, although this difference did not persist at 12 months. As only four participants received less than 50 per cent of the intervention and they withdrew before the intervention was completed, no data for them were recorded and the per-protocol analysis was not required. At baseline, 45 of 120 participants (38 per cent) reported two or more symptoms of depression on the GDS-5. As expected, there was a strong negative correlation between scores on the GDS-5 and positive emotions reported on the PANAS (R = −0.445, p < 0.0001) and this was not considered further in models predicting depressive symptoms. A correlation analysis investigated the strength and direction of the association between remaining variables of interest and a score of two or more on the GDS-5 (Table 3 ). There was a highly significant negative correlation between scores on the emotional sub-scale of the IVI and GDS-5 score (r = −0.557, n = 113, p < 0.0001). Those who scored two or more on the GDS-5 had a higher impact of visual impairment on emotional well-being. There was a highly significant positive correlation between KAP scores and GDS-5 scores (r = 0.349, n = 113, p = 0.0002). Those who scored two or more on the GDS-5 had a higher level of dependence on others and less participation. There was also a significant negative correlation between gait speed and GDS-5 scores (r = −0.208, n = 112, p = 0.028). Those who scored two or more on the GDS-5 had slower gait speeds. Socialisation was positively correlated to gait speed (r = 0.223, n = 112, p = 0.018) suggesting that those with slower gait speeds socialised less.
The variables that qualified for inclusion in the multivariate model were: years of education, number of comorbidities, gait speed, socialisation, the PVAS, the KAP and the emotional sub-scale of the IVI (Table 4 ). There were two factors which remained predictive in the multivariate model. As expected, after adjusting for age, gender and group allocation, vision-related emotional distress (IVI score) was associated with likely depression in this population (OR 1.12, 95 per cent CI: 1.07 to 1.17, p < 0.001). The only other variable that remained significant in the model was gait speed (OR 1.27, 95 per cent CI: 1.06 to 1.54, p = 0.01), where slower gait speeds were associated two or more depressive symptoms.
DISCUSSION
The Alexander technique intervention did not have a significant impact on measures of social and emotional well-being at three or 12 months in this trial. This was not an unexpected finding, as there were minimal improvements in physical ability and any such benefits were secondary to this main aim. 35 There was a trend for less visual impairment-related emotional distress in the intervention group. This may be attributed to improvements to the participant's mobility, which indirectly impacted emotional well-being; however, this effect must be confirmed in a larger trial with a more intensive intervention, as it did not persist at 12 months. This study highlights the links between mobility, physical function and social and emotional well-being and the importance of considering these in future research addressing safe mobility on older people with visual loss.
There was a high level of self-reported depressive symptoms across the total sample in the study, with approximately onethird of participants affected and this is in agreement with findings from other studies in the visually impaired population. 12, 36 A recent cluster randomised study of 383 general practices in Australia reported a 1.8 per cent prevalence of major depressive episodes in Australians over 60 years of age with eight per cent experiencing clinically significant depressive symptoms. 37 Significant factors linked to depressive symptoms and ageing in the general population are level of mobility, assistance, socialisation and emotional well-being. 38, 39 Therefore, it is not surprising that the degree of visual impairment-related emotional distress is highly correlated with general depressive symptoms.
Gait speed is an objective measure of mobility and faster gait speeds were associated with fewer depressive symptoms. Mobility is a key factor in maintaining positive well-being into old age, as it provides a means of freedom, independence and quality of life. 40, 41 The Alameda County Study 39 found a protective effect of greater physical activity for both prevalent and incident depression after adjusting for age, sex, ethnicity, financial strain, chronic conditions, disability, BMI, alcohol consumption, smoking and social relations over five years. An eight-year prospective longitudinal study on the impact of physical and leisure activity on mental well-being in the elderly found that a higher level of leisure activity, better levels of mobility and a low level of chronic health conditions predicted mental well-being in later life.
What was surprising was that other factors that are seen to be protective in the general population, such as socialisation and level of assistance from agencies and family 43, 44 did not appear to influence depressive symptoms in our study. Restricted mobility can make activities of daily living more demanding and exhausting and increase the time needed to perform these daily functions. 45 This can lead to the need for assistance from others to perform activities that were previously performed independently. Although this may provoke feelings of dependence, which may be perceived negatively, 46 levels of assistance may also be protective against depression. 44, 47, 48 We did not find an association between levels of support and depressive symptoms in our study.
The participants in the study were all clients of Guide Dogs NSW/ACT and all had sought agency assistance for problems relating to their mobility, so comparison with findings in the general population, which is more heterogeneous, may be misleading. Low levels of socialisation can contribute to depression and increased levels of social participation have been shown to reduce levels of depressive symptoms. 49 Restricted mobility and limited assistance affect the ability to socialise, which further impacts emotional well-being. Although emotional expression becomes more predictable and stable with age, social networks become less accessible, physical functioning requires more effort and sensory losses add strain to social interactions. Collectively, these changes can lead to negative emotional well-being due to embarrassment, frustration, loneliness and feeling like a burden, all of which are correlated with depression. 50 In our sample, 79 per cent were legally blind and 59 per cent lived alone with 28 per cent reporting weekly or more agency assistance and 35 per cent reporting Visual impairment and depressive symptoms Gleeson, Sherrington, Lo, Auld and Keay weekly or more family assistance. There was a significant negative correlation between family and agency assistance, suggesting that there was good access to agency support, where family support was unavailable. Although support from family and friends has been shown to reduce selfreported depressive symptoms in older adults with recent visual impairment, 20 follow-up work has shown that friendship support is more important than family support for long-term adaptation. 50 The mean duration of visual impairment in our sample was 22.4 AE 21.8 years. Only one participant had been visually impaired for less than two years and 76 per cent of the sample had been visually impaired for more than five years, so long-term adaptation may be more relevant in this study.
One limitation of the study was our failure to differentiate between friend and family support, which may have been relevant given the duration of visual impairment in our sample. Another limitation is that we were unable to definitively diagnose depression or differentiate between early-and late-onset depression. Other more comprehensive scales may have been able to detect smaller differences; however, we were limited in the length of the surveys we were able to include in our assessment and these were secondary outcomes to the main trial. All the participants in the study were clients of Guide Dogs NSW/ACT in Sydney, Australia and this means that their visual impairment was severe enough to require professional assistance from orientation and mobility specialists for mobility training. This may constitute a degree of selection bias, given that all participants were proactive enough to seek support and that those who agreed to participate in the research may have fewer inter-personal problems than those who did not. If this were the case, it would tend to underestimate the prevalence of depressive symptoms that may exist in the wider community in visually impaired older adults. Finally, this study did not have an active control group to allow for the effect of touch and personal attention to be demonstrated by the intervention group for the 12 weeks of the intervention. A strength of this trial was the very low dropout rate for participants completing the research study (93 per cent) and that all participants allocated to the intervention received lessons in the Alexander technique. A greater recognition of the vulnerability of this population to depression will help families, primary health-care providers and support networks to engage in a way that encourages maximal independence and a realistic but positive disposition. The value of maintaining friendships has been highlighted in other work 50 and should be encouraged by care providers. Orientation and mobility instructors provide training to visually impaired individuals to enhance their mobility and independence. Programs are tailored to individual client needs and can include training in the use of canes, guide dogs and electronic travel aids, along with safe strategies for pedestrian and public transport travel. Referral for mobility training by eye-care practitioners may be another way to minimise the impact of visual impairment on the development of depressive symptoms by maintaining mobility and the access to social networks that provide protection against depressive symptoms.
In conclusion, while lessons in the Alexander technique improved physical function and may reduce falls risk 35 the impact on emotional well-being, participation and depressive symptoms was not evident. This population has a high prevalence of depressive symptoms and our data suggest that better mobility and lower levels of emotional distress associated with visual loss were protective against likely depression. It is important that eye-care practitioners are aware of the psychosocial impact of visual impairment, particularly on older clients, so that treatments and rehabilitation outcomes are optimised. Table 3 . Correlation matrix for variables with possible association to two or more reported depressive symptoms collected at three months on the 5-item Geriatric Depression Scale: R (p-value)
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